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SUMMARY

This irwestigaiionm undertakento developa low-drag
W slot for an airpl.unawing which d & th
complicdo-na and maintenance d-is q? the prewni
mooable-t~e Handley Page slot. llxte we conducted
on a wrie.eojjix-d slotsin an ah%mptto reduix thamini-
mum drag caqjbieni withoui decreasing ib maximum
lijt 120@.Ci@ W the 8tdi~ Wl@?8 Of the 81%tt8d Wing.

The teds were mude in the N. A. C. A. 6#oot wrticai
wind tunnel on a Clark Y bimiim?ctionhating a 10@#i
chord.

The best oombinut’ionof wing andjim?d dat that w
diwelbpedhad a maximum lift coejiieni of 1.761, which
w t%j,tlper cent htjher than thai of th pluin m“~.
2%8anglaof attackfor &mum lift w ratied 9°, from
16° for tk? ‘@in wing to 9.4°for the 81?4nWdwing. f%.e

minimum drag of the wing withjix.ed 81.et w ihm?ud

6%’.6’per cent aboue that of tb plhin wring,or a oiz?w
about 38,8 per cent abouettifor a dotted wing wiih the
mom.bl??8/.ot c-bsed. F& 8h!4 %@7h# &o be used at

the tips of the wings om?y,in which we the total &ag of
an amrage airpliw would be increased uery sligM-ly,
-“rig a I?OS8in high speed of only 1 or S mih per hour.

INTRODUCTION

The wing slots in use on airplanea at the present
time are usually of the automatic or controlled type,
the development of which has been due mainly to
Lacbmann and to Handley Page. When the slot is
open, the maximum lift coefficient of the wing is in-
creased greatly and the angle of attack for maximum
lift is raised considerably above that of the plain wing.
With the slot open, however, the minimum drag of the
wing is ordinarily more than three tii.meaas great as
that of the unslotted wing. This characteristic neces-
sitates closing the slot at low angles of attack if an
appreciable loss in high speed is to be avoided. The
operation of opening and closing the slots, whether or
not performed automatically, requires extra mecha-
nism with its attendant maintenance and weight.

A wing with a iked slot would therefore appear to
have certain advantages over one with a movable slot,
the most important of these being greater simplicity
and dependability, less weight, less maintenance, and
somewhat lower cost. In the present investigation, an

attempt has been made to reduce the one great clis-
advantage of the tied slot, the high drag at low angles
of attaok.

The tests were all made using a Clark Y basic sec-
tion, the shape of the fixed slot being changed syetan-
wticdly until it appeared that the minimum drag
could not be reduced further without also reducing the
maximum lift coefficient and the angle of attack at
which it occurred.

APPARATUS AND TESTS

The present series of forca teds was made in the
N. A. C. A. vertical wind tunnel, which has a 5-foot
diameter open jet. (lbference 1.) The te&9 were
made at the same Reynolds Number as that of a series
of standard controllability and stability teats being
made in the N. A. C. A. 7 by 10 foot tunnel, which
will include further tests with the best tixed slot found.
Because the two tunnel air speeds are the same the
chords of the wing models were made the same, 10
inches.

on amount of the small dimeter of the air stream
in the vertical tunnel, a full-span wing of aspect ratio
6 could not be tested. C?cnsequentlya half-span model
and “reflection plane” were used. The main wings,
of Clark Y basic section, were made of laminated
mahogany; the auxiliary airfoils, beoause of their
small size, were made of aluminum alloy. The ordi-
nates of the wooden sections were held accurate to
within +0.01 inch and those of the metal portion, to
within + 0.003 inch. The metal auxili~ airfoils were
supported on the main wing at each end by a thin
metal plate and, in addition, a small support fastened
firmly tc the wooden and metal parts at mid span
prevented any appreciable deflection of the nose under
the applied air loads.

The drag foroes were transmitted from the wing to
a platform balance above the tunnel by two tine wires
which passed through tubes. The lift forces were
transmitted by a system of belI cranks and rigid rods
to two platform balances mounted on the tunnel test
floor. These two balances were so arranged that roll-
ing moments could also be obtained if desired. A
detailed description of the arrangement maybe found
in referenca 2.
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Fonx tests were made with the slot fixed open under
various conditions, and also with the slot closed and
faired with “P1asticine.” Several readings were taken
at angles of attack at 1° intervals to cover the region
of minimum &ag, and then the region of maximum
lift. Tests were made also at a few intermediate
angles of attack, in ordcq to determine the shapes of
the lift and drag curves.

The extreme range of angle of attack extended from
—6° to +40°, the range for any one combination
depending on the stalling angle. The tests were made
at a dynamic pressure of 16.37 pounds per square foot,
corresponding to an air speed of 80 miles per hour
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at standard atanospheric conditions. The Reynolds
Number based on the above test conditions and the
wing chord of 10 inches was 609,000, which is about
one-third of that for an ordinary small airplane while
landing.

Aoouraoy.-The lift balances were sensitive to
within =t0.06 pound, and the drag balance was sensi-
tive to within +0.03 pound. The angle-of-attack
setting was accurate to + O.1O, and the dynamic
premm was maintained constant to within +0.6
per cent. A comparison of the results of check teats
showed the variation between values of the maximum
lift to be about + 1 per cent; the vmiation between the
minimum drag values amounted to about + 2 per cent.

DEVELOPMENT OF SATISFACTORY FIXED SLOT

The development of the wing with a ilxed slot was
divided into four main parts: First, the determina-
tion of the probable bmt slot arrangement from the
results of previous tests; second, tho effect of the
auxil.ky airfoil shape and position; third, the effect
of rounding the nose of the main wing; and fourth,
the effect of moving the slot fmther back from the
leading edge.

1. Choioe of the probable best slot arrangement:—
The probable best arrangement of the auxiliary airfoil
and main wing was obtained from a study of the results
of a previous series of tests on a Clark Y wing with an
adjustable slot. (Reference 2.) In that investiga-
tion the auxiliary airfoil was tested at 100 diflerent
locations with respect to the main wing. Tablea I
to V, inclusive, give the results of those teata in the
form of coefficients’ of maximum lift and minimum
drag, angle of attack for maximum lift, and ratio of
mmimum lift coefficient to minimum drag coefficient
for each slot arrangement.

AU the above four items were considered in the selec-
tion of the best slot arrangement ,for a wing with a
fixed slot. The maximum lift coe5cient and angle of
attack for maximum lift determine the landing speed
and stalling angle, respectively, of the airplane. The
minimum drag coefficient is a measure of the high speed
attainable, and the-ratio of maximum lift to minimum
drag gives an inchcatzonof the speed rango powble,

The conditions chosen, which of necessity were a
compromise, may be found in Table II. For the given
auxiliary airfoiI and main wing combination, the noro-
dynamic characteristics WIXO:

M~nm lift coefficient E 1.684
Angle of attack for C~W -27°
Minimum drag coefficient =, 0.028
Ratio of O& to CD.,n =60. 1

The geometric characteristics, deilned as in Figure
la, were:

Slot gap -2.0 per cent chord.
Slot depth -1.0 per cent chord above main

wing chord.
~ Slot width= 6.0 per cant chord. ~

The location of the auxiliary airfoil with respect to
the main wing for the above conditions is shown to
scale in the above-mentioned iigure. The ordinates
for the auxiliary airfoil (No. 1) are given in Table Wf.

2. Eileot of amiliary airfoil shape and position,—
An inspection of the shape of auxiliary airfoil No, 1
(fig. la) indicated that its minimum drug would
probably be reduced by rounding the sharp lower
edge. This edge was rounded and the auxiliary air-
foil then had the shape shown in Figure lb, the ordi-
nates of which are given in T~ble VI. The slot
arrangement was kept as near like that of the wing
with auxiliary airfoil No. 1 as possible by keeping the
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trailing edge and ,ynchanged upper surface of the
auxiliary airfoil always in the same location.

The results of the tests on the wiug model with the
above rounded auxiliary airfoil are given in Table
VII. The maximum lift coefilcient was reduced
slightly and the minimum drag coefficient of the
combination was increased a small amount from the
v~ues of the first combination. These changes
therefore gave a somewhat lower ratio of CL==to
CD.,,. The angle of attack for m~um lift was
unatlected.

An auxiliary airfoil was then designed that in itself
would have a relatively low minimum drag. This
rmxihary airfoil (No. 3) with the cimresponding slot
wrangement is shown in Figure lc. The upper sur-

face, which waa unchanged for all three of the aux-
iliary airfoils, and the trailing edge were kept in the
same location as that used for ~auxiliaryairfoils Nos.
1 and 2. The ordinatos for tb~ auxiliary airfoil we
given in Table VI.

The test results of the wing with auxiliary amfoil
No. 3 are given in Table VII. The mhum lift
coefficient was reduced considerably and the mini-
mum drag coefficient was the same as that of the wing
with auxiliary airfoil No. 1. The ratio of C’~_ to U-
was the lowest of all three of the combinations tested.
The angle of attack for maximum lift was decreased
by 3°.

The conclusion may be drawn from the results of
the foregoing tests that reducing the minimum drag
of the auxiliary airfoil. does not’ necemmily cause a
reduction in the minimum drag of tbe wing-slot combi-
nation, but may actually cause an increase. A d~
orease in the maximum lift coefficient aud in the
angle of attaok for mtu&mun lift may also occur.
The results indicated that the reduction in the mini-
mum drag of the auxiliary airfoil was not the proper
line of attack to pursue in reducing the minimum
drag of the wing-slot combination. It appeared that
the sharp lower edge of auxiliary airfoil No. 1 was
probably advantageous in that the air could break
away from it and flow on to the main wing with the
least disturbance. The next step was therefore m
attempt to reduce the minimum drag of the wing and
auxiliary airfoil by reducing the drag of the combina-
tion as a whole. .

The next slot was designed in a wing having an
over-all contour of a Clark Y, which has a relatively
low minimum drag coefficient. The slot was cut
through the wing in such a manner that at low angles
of attack the air would flow past with as little dis-
turbance as possible. The auxiliary airfoil No. 1 was
used together with main wing No. 1 cut off to form
main wing No. 2 as shown by Figure 2, with a sharp
nose on the main wing portion. The test results for
this condition of the slotted tig are given in Table
VIII, first line below “Slot closed.” It will be seen

that the maximum lift coeiiigent has remained nearly
the same as that of the best previous slot, but the
angle of attack for mtium lift was reduced from
27° to 24°. The mniimum drag coefficient was de-
creased appreciably from the best previous value and
the ratio of CL- to CD.,. was increased, indicating
that the new slot arrangement was a step in the right
direction.

3. Effect of rounding nose of main wing.-The most
promising way to reduce the minimum drag still
further appeared to be by rounding the sharp leading
edge of the main wing. This was done in succtive
steps, the largest radius of curvature being 2.5 per
cent of the total wing chord. (See @. 2.) The results
of the tests of these arrangements are listed in Table
VIII. It will be noted that the maximum lift coeffi-
cient was increased appreciably by the first small
rounding of the sharp leading edge but that further ,
rounding had little eflect. No effect was noticeable
on the angle of attack for maximum lift. As the
nose radius of the main wing No. 2 was increased,

. ,- n er-ollprofk yf wi~ is a

o =1-, = I.o.%c
b=ra=l.5*”
c=r3 =2.0””
d=r, =2.5==

FTQIJBEz-OheJWMIn ham of m&mln wins SlottkmwhClarkY
.

the minimum drag of the slotted wing decreased at
first to a certain point and then increased again.
The ratio of CL= to Cmi. dso incremd b a CSrtti
point and then decreased again with increased round-
ing of the nose of the main wing. The beat over-all
characteristic of this slotted wing were obtained when
the nose of the main wing was rounded by a radius of
2 per cent of the total wing chord. (See Table VIII)
It may therefore be stated that rounding the nose of
the main wing by a radius of about 2 to 3 per cent of
the chord produces a favorable effect on the aero-
dynamic characteristics of the fixed slot combination.

4. Effect of moving slot farther back.—The slot was
moved back farther horn the. leading edge of the
wing in an attempt to reduce the minimum drag of
the wing to a still lower value than was obtained with
tie above fixed slot. The new slot had the same
general geometric characteristics Auxiliaxy airfoil
No. 1-A was formed from auxiliary airfoil No. 1 by
adding “Plasticize” to the under surface. Main
wing No. 3 was formed by altering the shape of
main wing No. 2 to a section having a sharp nose.
(See fig. 3 for details of this slot.)
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The first test was made with the sharp nose on the
main wing. The results showed the minimum drag to
be the same as that of the best foregoing fixed slot
combination for, similar conditions. (Table VIII.)’

The nose of the main wing was then rounded suc-
cmively to a maximum radius of curvature of 3 per
cent of the whole wing chord (fig. 3), and tested for
five intermediate nose curvatures.

The results of the teats are given in Table ~
under the heading: Auxiliary Airfoil No. l–A, and

, Main wing Ah 3
‘PIosiicrhen --__ —--

~
0 =rt = Q 4%c
b=r~=l. O*=

~

c=r== 1.5. .

4
d=rq =2.0”-
e=rs =2.5-=

; f=r. -=30--

f 1
24 28

Roum. S.-Changm in sham :fwyyo~ti TV@. SIOt moved tack in

Main Wing No. 3. The maximum lift coefficient ob-
tained by rounding the nose of the main wing in this
arrangement was about the same as that of the wing
with the best fixed slot obtained so far. (Main wing
No. 2 and auxiliary airfoil No. 1.) The angle of at-
tack for maximum lift remained the same as before,
24°. The minimum drag of this fixed slot combina-
tion decreaaed to a certain value and thea increased
again as before with increase in the rounding of the
nose of the main wing. The low~t minimum drag
coefficient, however, was slightly higher and the ratio
of C& to C~.,. wis slightly lower than for the wing
with the best fixed slot so far obtaimxl. Placing the
slot farther back from the leading edge of the wing
within the range of the tests may be said to babe no
appreciable effect on the aerodynamic characteristics.

Since reference 3 showed that little was iw be gained
by moving the slot back still farther, the b=t slot of
those tested was taken as a suiliciently close approach
to the bmt obtainable.

DISCUSSION

The beat llxed slot combination is drawn to scale in
Figure 4a. The lift and drag coefficients of both the
plain and slotted wings are plotted against angle of
attack in Figure 4b. . It will be seen that at a given
angle of attack up to the stalling angle of the plain
wing, the lift of the slotted wing is somewhat lower
and the drag is higher than the corrmponding values
for the plain wing. Beyond this angle, however, aad
up to the still of the slotted wing the drag of the
slotted wing is lower than that of the plain wing.

The maximum lift coefficient given by the slotted
wing was 1.751 (Table VITI) compared with 1.297 for
the plain wing-an increase of 34.6 per cent. An in-

CO~ FOR AERONAUTICS

crease of 21.8 per cent has been obtained in some ear-
lier tests made-by Lachmann (reference 3) on a Gi5ttin-
gen 422 wing equipped with a Iixed slot near the leading
edge.

In a previous series of teats made at this laboratory
(reference 2) on a Clark Y wing with a movable type
of slot, the highest maximum lift coefficient obtained
was 1.835 (Table II) compared with 1.297 for the plain
wing. These values gave an increase in the maxi-
mum lift of 41.5 per cent. The coe5cients, however,
were computed on the basis of the arm of the original
W@T. Figured on the actual plan-form area with the
slot open, the maximum lift coefficient becomes 1.660,
an increase over” the plain wing of only about 28 per

,luarn wmgl#2

Q

:
(a)

I J
12 16 20 24 28

SfaLbn~per cent of chord

Angle of at tack, a
FIGURE‘L-ohwtdnk9 of OlarkY wingwithIwtCxeddot

cent. It appears, therefore, that the present fiod slot
has a greatar effect on the maximum lift. The angle
of attack for maximum lift has been increased 9° (from
15° to 24°) with the iixed slot, compared with an in-
crease of 13° (from 15° to 28°) obtained with the
movable slot giving the highest maximum lift coefE-
Cient.

The minimum drag coeEcient of the wing with tied
slot was 0.0229 (Table VIII) compared with 0.0160
for the plain wing, giving an incrense of 62.0 per cent.
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The results previously mentioned of the tests on the
&Wingen 422 slotted wing showed an increase in the’
minimum drag coefficient of about 85 per cent over
the value for that plain wing. If the minimum drag
value of the plain Clark Y wing is increased by 10 per
cent to correspond with the Ininirnu mdragof awing
with movable type of slot closed (reference 4), the in-
crease in minimum drag of the wing with fixed slot
then becomes 38.8 per cent of the value for the wing
with movable slot closed.

It is interesting to consider the effect of placing the
beat fked slot in an ordinary Clark Y wing of an aver-
age airplane. Judging by the speed range ratio
(O~x/CDm,m)of 76.4 for the slotted wing as compared
with 86,4 for the plain wing, it might be expected that
an airplane with the slotted wing would have a smaller
actual ratio of maximum to minimum speeds. If,
however, the entire airplane is unchanged except for
the addition of the fied slot, the speed range is not
reduced. The drag of the rest of the airplane is much
greater thun that of the wing alone at high speed, and
the relative decrease in the maximum speed would be
appreciably smaller than the reduction in the minimum
speed which is dependent almost entirely on the wing
alone.

Although the speed range would thus be increased
by the fixed slot if the wing area were held constant,
it would not be increased if the minimum speed9 were
kept the same. If the area of the plain Clark Y wing
were enlarged to give the same minimum speed as with
the fixed slot, and the rest of the airplane could be left
unchanged, the maximum speed would be slightly
higher with the plain wing. When the extra weight of
the hwger wing and the extra tad size are taken into
rwcount, the higher speed with the plain wing would
be very slight if existent at all. For airplanes having
low landing speeds and excessively large wings the
fixed slot enablea the attainment of the de&red mini-
mum speed with a smaller wing and little if any loss in
high speed.

The foregoing discussion deals with a fied slot
extending along the entire span of the wing. Fixed
slots might also be used at the tips of the wings only,

say the outer 40 per cent of the semispan, for improv-
ing lateral stability and control at the high anglw of
attack. With this arrangement, the increase in drag
would be very small compared to the total drag of an
average airplane so that the maximurp speed of the
airplane would be decreased by only one or two miles
per hour.

CONCLUSIONS

1. A maximum lift coei3icient of 1.761, an angle of
attack for maximum lift of 24°, and a minimum drag
coefficient of 0.0229 were obtained for a Clark Y wing
with the best fixed slot developed, compared with the
corresponding values of 1.297, 15°, and 0.0150 for the
plain wing.

2. Fixed slots might be used at the wing tip only to
improve lateral stability and control at large angles of
attack, in which case the maximum speed of the aver-
age airplane would be decreased by only one or two
miles per hour.

3. For airplanes having low landing speeds and ex-
cessively large wings the tied slot enables the attain-
ment of the desired minimum speed with a smaller
wing and little if any loss in high speed.

LANGEEY MEMORIAL AERONAUTIC L+.BORATORY,

NATIONAL bVISORY COMMYITEE FOR bRONAUTICS,

LANGLEY lbLD, VA.,AWt 27, 1931.
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TABLE I

SLOTTED CLARK Y WING RESULTS

MOVABIJ3 TYPE SLOT

R. N.-EJXI,@3l lo.hual .amrd-c. S3mp. h.

Phfn wing

Lb
L6

k:
Lb

L5
L5
L5
L6
L5

;:
L5
L5
L6

L6
L5

;:
L5

L.297
I

lh o

L m9 2ao
L627’ la o

Mo
;% la o
L(MI 2L0

L!ZW %0
L671 MO

2L O
?%! m o
L 164 2L0

83.0
:%J ao

Lml ~;
L303

L2S9 4L0
LW Sflo

320
$?J !MO

19.0

a 015

.027

:Z.CQl
.0a7

.Cu9

.62S

.031

.037

.044

.048

. on

.039

.016

.M7

.Q34

:%

:Z

SLOTTED CLARK Y WING RESULTS

MOVABLE TYPE SLOT
R. N.-6O2,IXII K14ndl m-e Sore. p.h.

01 PleIn wing

1-n 20
m 20
23
24 ;:
26 20

$ 28
20

s 20
m 20

m 20
32 20
33 20
34 20
3d 20

%3 20
20

g
::

40 20

35

H
15
3.5

LO
LO
LO
LO
LO

–L 5
-L 5
–L b
–L K
-L 6

+.0
-40
-4.0

2:

C&.

L~

%
L4M
L2UI
L IM

;EJ

w

L249
L642
L&M
L70d
L440

L236
L535
L 676

IL836
LM6

——

1Prrb9bleM hed dot arrangement.

‘5.
d-

m o

240
Zo
m o
la o
lQo
m-o
27.0
!uO
17.0
2L0

3ao
24.0
27.0
220
m o

420
4Q0
Mo

2:

cDdn

a ON

.036

.CQ4

.W3

.023

.037

.032

:%
.CG7
.013

.Om

.044

.030

.0!6

.m

.Ca9

.Om

.066

.W1

.M4

CLM.
ClId.

IW2
2%7
6a4
3L6
ma

Ub
fa7
Sal
324
as

no

E!

E:

ma
27.3
3JZ0

%:

.

Cti
ax

&r.4

42a

2!
428
2!27

4c14
tall

%:
2%.8

%6

;!

ti7

H
as
3ao
X6

TABLE IJl

SLOTTED CLARK Y WING RESULTS

MOVABLE TYPE SLOT

R. N.=6V9,CC13 m4n@llchord-c. 6om. p.h.

Depth Wldtb =CLM.~ Mae&t per Mnt per cant C&. d_ cDmln cLm,
mmc. C. e.

— — — —

o Plebl tig L!X7 I&o 0,016 eJL4
. —

u 25 3.6 S.4 mo .Wo &a42 26 3-5 &o
43

t% !230 :% ~;

44 ;: :: ~:
19.0

k%! lao .62%
46

46.4
26 36 l&o L 1&3 la o .a36 229

46 26 LO 3.4 L268 3L O ;g
47 25 LO
48

Lb% ~:
LO :; :% E; ~g

49 ;: LO 120 la o
&l 26

4i o
LO lho L263 220 .041 8L 6

51 25 -L 6
62 26

X4 L270 37.0 :~ Z7
-L 6 &o

25
L 610 %0 8L 6

–L 6
2 26

L 769 27.0 . Mo 44.2
-L 6 2: LM8 24.0

M 25 –L 6
.043 ~;

16.0 LE$ZI la o .054

E-s -4.0 X4 44.0 SnJ
67 2: -LO

la 8
&o ;iIJ’ 4L O

69
227

26 -4.0 3ao .066 2Q;
69 -4.0 28 L601
60

.OM
2: -4.0 ls, o L783 2: .060 2’24

TABLE IV

SLO!M7ED CLARK Y WING RESULTS

MOVABLE TYPE SLOT

R. N.-@X@lO I@lnrh rlrord-c. Wm. p.h.

~ w?% l%%mtitg!% ULm. ;&. cDm. Ok.
c. c. r. ZEm

o Plabl Wb3g L’X7 1&o 0.015 &?.4

61 30 X6 3.4 LW5 !m.o . an
a 30

421
6.0 L 676 26.0

63 &o H
64

L600 alo :E ;;
3.0 :: 2: LS$B 2L O .W

e5 &o lh o L259 .nO .M.6 do

59 3.0 LO 3.4
3.0 LO

1.270 3ao :g
g;

a 3.0 LO
.20 L 618

69
:&$

3.0 LO 1:8 !MO
2: :g

m 3.0 LO lh o L6W lh o .040 z:

n 3.0 –L b &4 LfM 3%o ;g
72 3.0

20.4
-L b 63.O

n –L 6 k: k%! 2s.0 .042
29.6

74 28 –L 6 120 ~. 26.0 .040
76 3.0

n;
-L 6 I&o ‘MO .OEa 83.4

3.0 -4.0 .%4 +g
% 30

46.0 .m I&2
6.0 430

78 &o
.071 20.2

3:
79

iw 29.0 ;%
2: L&59

‘n 1
.%0 -4.0

Ea 30 -4.0 I&o L 769 El .W 8;

.
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TABLE V

SLOTTED CLARK Y WING RESULTS

TABLE VII

AERODYNAMIC CHARACTERISTICS

CLARK Y WING WITH FIXED SLOT
Effmtof chnging f~j A-fOnSllaw

R. N.-6fN,IDI lo4nch Chord-& Earn. p.h.
1

MOVABLJZ TYPE SLOT

R. N.-I%@OO IC-inobchord-e. Ealro.p.h.

Gap Depth Wfdth
w cent porcant par cant
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TABLE VIII

AERODYNAMIC CHARACTERIS’IZCS

CLARK Y WING WITH FIXED SLOT
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TABLE VI.-ORDINATES FOR AUX(LL4RYAlRFOILS
CLARK Y WING WITH FIXED SLOT
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